Spontaneous carbonate formation in an amorphous, amine-rich, polymeric drug substance: sevelamer HCl product quality.
Spectral differences among multiple manufacturers/lots of sevelamer HCl were observed by Fourier transform infrared spectroscopy, and further characterization was performed to identify the cause for these differences. The drug substance is a polymer that possesses a large molecular weight, is amorphous, and is practically insoluble in both water and organic solvents. Thus, solid-state characterization methods (spectroscopic and thermal) were required to identify and characterize differences among the samples to assess possible differences in product quality. ¹³C cross-polarization-magic-angle-spinning nuclear magnetic resonance spectroscopy of sevelamer HCl substances demonstrated the presence of a carbonyl-containing species, which was attributed to a carbonate impurity among samples. Stability studies demonstrated that this carbonate impurity formed spontaneously upon exposure of the drug substance to atmospheric water vapor and carbon dioxide, even under ambient conditions. Mechanistically, this behavior likely arises from the large number of primary and secondary amine groups, the hygroscopicity of the HCl salt, and a high degree of molecular mobility due to the amorphous nature of the drug substance.